Energy is an increasing need arising from the existence of mankind. Electricity is one of the most important secondary energy sources. Obtaining of electricity from fossil sources leads to negative consequences such as climate change and environmental pollution. In addition, fossil resources are not endless. For this reason, the importance of renewable energy sources that are sustainable and not harmful to the environment such as fossil fuels is increases for electricity generation. In this study, electricity generation with solar power is considered. There are some factors to achieve efficiency in the projects of obtaining electric energy with solar energy. One of the most important of these factors is to choose the right place. There are multiple criteria that affect the correct location selection. Multiple criteria decision making methods are suitable for site selection studies where there are many criteria. In this study, Konya, Karaman, Burdur, Antalya, Mersin, Van which are fortunate cities in Turkey in terms of sunbathing are selected as alternatives. A hybrid AHP and TOPSIS method is used to select the best alternative according to the sub-criteria determined under the economic, technical, social and geographical main criteria. Criterion weights are found by the AHP method and alternatives are ranked with the TOPSIS method. The result of the study is that Mersin is the best alternative for solar power plant and Mersin is followed by Karaman, Burdur, Konya, Van and Antalya respectively.
Introduction
Energy consumption is emerged with the beginning of mankind. The need for energy is increasing day by day for reasons such as rising lifestyle, developing technology and industrialization. Energy can be used in various forms. Fossil resources such as coal, oil, natural gas, and renewable resources such as wind and sun are called primary energy sources. These resources which are available in the country can be used directly. On the other hand, these resources can be used by transforming into secondary energy sources such as heat, fuel and electricity. Electricity is an important secondary energy source that we use most of our daily life. The requirements of modern life increase the need for electricity. Many primary energy sources are used for electricity generation. A large part of the electricity production in Turkey are derived from fossil sources. However, the use of fossil resources for electricity generation has negative effects. One of the biggest negative effects is that it causes climate change. Carbon dioxide and similar greenhouse gases arising from the use of fossil fuels cause significant increases in surface temperature, which can affect the whole world, such as global warming and climate change. In addition to the negative consequences of fossil resource use such as climate change and pollution, the ending is also a big problem. Fossil resources are one day confronted with the danger of total exhaustion. Fossil fuel reserves are approaching critical levels. People are turning to new sources for electricity generation because of the increasing demand for electricity and the disadvantages of using fossil fuels. Renewable energy sources are both savior for solving these problems as they are both sustainable and do not harm the environment like fossil resources. For this reason, the importance is gradually increasing.
Renewable energy is an energy source that can be obtained from natural sources and renew itself constantly. Renewable energy is an energy that cannot be consumed because it can renew itself naturally. In addition, the use of renewable energy can be used to reduce carbon emissions that are harmful to the environment, and to reduce external dependency by using domestic energy resources. Solar energy is one of the highest potential sources of renewable energy. Solar energy is an opportunity to meet both electricity needs by using domestic resources and to reduce external dependence and to help protect the environment and people from the negative effects of fossil resources. In addition to reducing external dependency, it will also contribute to the country economy by creating employment opportunities.
Turkey is fortunate compared to many other developed countries in terms of average sunshine time, but this advantage is not considered enough. Established a solar power plant in the right place in Turkey provides both economic and environmental benefits [1] . If high efficiency is taken from solar power plants, investors give more importance to this sector so new solar energy investments will increase and solar energy share is increases in electricity production.
The aim of this study is to select the most suitable city for Turkey to establish solar power plants. Most cities in Turkey are fortune in terms of sun. However, there are many criteria to establish a solar power plant other than sunshine amount. In this study, based on expert opinions and literature, firstly, the criteria for determining the location of the solar power plant are determined, then Solar Energy Potential Atlas is examined to determine the alternatives, cities which are advantageous in terms of sunshine, are chosen as alternatives. A hybrid AHP-TOPSIS method is used for this study. In the first phase of the study, criteria weights are obtained by applying the AHP method by taking the scales of experts. In the last stage, alternatives are ordered by TOPSİS method and the most suitable is decided.
When the studies in recent years are examined, it is frequently seen that the multi-criteria decision making methods are used for selection of solar power plant problems.
Nehra and Lutha use AHP and TOPSIS to select best place for solar power plant in India similar to this study [3] . Lozano et al., use firstly AHP to calculate criteria weights like this study also then to rank alternatives use TOPSIS and ELECTRE TRI methods for solar power plant place selection in Spain. They aims to compare TOPSIS and ELECTRE TRI results. They find not identical but similar results [4] . Beltran et al., use AHP and ANP methods as different from TOPSIS in this study method for location selection of a solar power plant investment project in Spain [5] . Wu and Geng make study to select location for solar-wind hybrid power plant with AHP method [6] . In the study of Garni and Awasthi, the location of the solar energy plant is selected by the AHP method in Arabia [7] .
There are multi criteria solar power plant site selection studies for foreign countries as shown in the literature review. This article is intended to make such an article in Turkey. Also, there are some power plant site selection studies in Turkey. In Turkey, Özdemir et al., use AHP and VIKOR methods for solar energy plant site selection in their articles [1] . They also make a solar power plant site selection among some cities in Turkey similar to this study. However, they use VIKOR method instead of TOPSIS method unlike this study and in this study alternative cities are defined according to being advantageous in terms of sunshine unlike their study. Akkaş et al., use AHP, TOPSİS, ELECTRE and VIKOR methods in their study to select city for solar power plant [2] . They use multiple multi-criteria decision methods for same site selection problem and they find Karaman. In this study a hybrid AHP-TOPSIS method. They use various multi criteria decision making methods for same site selection problem to rank alternatives. However, in this study AHP is used for finding criteria weights and only TOPSIS is used to rank alternatives.
Materials and Methods
There are many criteria that affects the result for site selection problems. Decision making becomes more difficult as the number of criteria increases. Multi criteria methods helps to make selection with multi criteria site selection problems. Comparisons and grading are performed between alternatives according to weighted criteria with multi-criteria decision making methods. Then, the best alternative site is found for the problem solution. Since this problem of location choice is suitable to use multi-criteria decision making methods, a multicriteria decision making approach consisting of a combination of AHP-TOPSIS methods is used in the study. The main criteria and sub criteria weights are determined by the AHP method, and the cities are ranked according to relevance ratings by the TOPSIS. Super Decision 2.6.0 program is used for AHP application and Microsoft Excel is used for TOPSİS.
AHP is a useful method to find criteria weights. Therefore, AHP is used for first part of study which is finding criteria weights. The AHP method is applied with making comparisons of alternatives for the criteria that influence decision. AHP method that helps decision makers to cope with multi-criteria problems. For this hybrid AHP-TOPSIS study, firstly purpose, criteria and alternatives are defined. A hierarchical structure is constructed, with the goal being the highest level, the criteria intermediate and the alternatives at the lowest level. Criteria comparison matrices are constructed and the criteria are compared among themselves in the AHP part of the study. Criteria comparison matrices are applied by General Directorate of Renewable Energy Experts according to Saaty Importance Scale. Criteria weights are found by processing the values in comparison matrices in the Super Decision Program.
TOPSIS is a suitable method to rank alternatives with using criteria weights which are found by using AHP. TOPSIS is used in the second part which is ranking alternatives of the study. TOPSİS is a method developed for making preference ordering based on the ideal solution distance. While the ideal solution brings the benefit criteria to the highest level, the negative solution reduces the cost criteria to the lowest level. According to this method, the best alternative is the nearest ideal solution and farthest negative solution [10] . For applying TOPSIS method, a decision matrix containing the features of the criterion according to the alternatives is constructed [9] . The normalized decision matrix and weighted normalized matrix are obtained. The maximum and minimum values are determined for each column of the weighted matrix. The distances to the maximum and minimum ideal points are calculated. Finally, relative affinity to ideal solution is calculated and alternatives are ranked according to their relative affinity to ideal solution values [12] .
Application
Firstly, AHP is applied to find main criteria of economic, technical, geographic and social and their sub criteria weights and then TOPSIS is applied to rank alternative provinces for solar power plant establishing in Turkey.
Determination of Main Criteria, Sub Criteria and Alternatives
Technical criteria are determined according to the information obtained from General Directorate of Renewable Energy. Other criteria are determined based on literature and opinions of authors. Determined economic criteria and some geographic criteria like erosion risk and earthquake risk are seen in some studies in the literature. However, some geographic criteria like rainfall amount, number of snowy days and social criteria are determined by authors. There is no relationship between criteria. Each criteria is independent of each other. Then, Solar Energy Potential Energy is examined to determine alternatives to be considered, and cities in Turkey that are advantageous in terms of sunbathing are chosen as alternatives. Criteria and alternatives are shown in table 1. Table 1 . Criteria and alternatives.
AHP Implementation
Step 1: Comparative matrices are created in which the main criteria are compared with each other and the subcriteria of each main criterion are compared with each other. The comparison matrices are turned into questionnaires and given to 10 specialists working in the General Directorate of Renewable Energy. Experts evaluate criteria according to Saaty Importance Scale in table 2. The average comparison matrices are obtained by taking the geometric mean of the 10 expert's comparisons. Geometric mean of main criteria matrices, economic criteria matrices, technical criteria matrices, social criteria matrices, geographic criteria matrices are given in table 3, table 4, table 5, table 6, table 7 , respectively. Table 2 . Saaty Importance Scale [8] . Table 7 . Geographic criteria comparison matrix.
GC
Step 2: The hierarchical structure of the problem is established as shown in figure 1 . The values in the average comparison matrices are entered into the program and the weights of the criteria are found and consistency analyzes are performed. Obtained criterion weights are given in table 8. 
TOPSIS Implementation
Criteria in a decision matrix can be expressed qualitatively or quantitatively. Therefore, there is a unit difference between the criteria. To convert the values in the decision matrix into a common expression, the scale of quantification of qualitative values in the table 9 is used [11] . Table 9 . Quantification to qualitative values.
Step 1: Data related to criterion are obtained. Technical Criteria: There are some technical requirements that the area to install the solar power plant should provide. The area must have a solar energy value of at least 2000 hours of sunshine annually and an annual solar energy of 1,500 kWh per square meter. In addition, the number of days with a 4-hour sunshine period should not be less than 150 [16] . All of the alternatives are provided by these conditions. Sunshine duration, solar radiation and energy potential of the region to be installed for solar power plant are important criteria affecting efficiency.
Sunshine Duration: Although Turkey is a lucky country in terms of overall sun while there are still more advantageous between provinces. Therefore, the duration of sunshine is determined as a sub-criterion by technical criteria. Solar Energy Potential Atlas is used for the sunshine duration of the provinces. The daily average sunshine durations for alternatives are given table 13. Geographical Criteria: Turkey is a geographically rich country with different characteristics. Geographic features vary according to regions or even provinces. It is necessary to take into account the risks such as earthquakes and erosion caused by geographic features in the installation of solar plants. Earthquakes and erosion in the area where the plant is installed, can cause great damage to the power plant and may even make it unusable, so it would be useful to choose places where such risks are less. Yet climate differences also among Turkey's most important features. The amount of rainfall, the number of snowy days vary by province and may affect the solar power plants. Therefore, earthquake risk, erosion risk, rainfall and number of days are determined as sub-criteria.
Rainfall Amount: The amount of annual rainfall in the region where the solar power plant is installed should be low. Therefore, priority should be given to provinces with low rainfall. Average annual rainfall amounts of alternatives are shown in the Number of snowy days: The fact that the number of days covered with annual snow is also a factor affecting the solar plant negatively. Therefore, alternatives which have low number of snowy days are better for solar power plant. Minimum number of snowy days of alternatives are given in table 17. Workforce: The absence of staff to work in the installed facilities or the limited number of staff is considered to have a negative impact. For this reason, it is more logical to make this investment when the workforce potential is high. Workforce rates are given Table 21 . Step 2: TOPSIS decision matrix is established and it is given in table 22. Step 3: The decision matrix is normalized and criterion weights are processed to obtain the weighted normalized matrix as shown in table 23. Step 4: Negative and ideal solution values are calculated and they are given in table 24. Step 5: The alternatives are ordered according to their ideal solution relative affinity (Ci *) values as shown in table 25. Table 25 . Ranking of Alternatives.
Results and Discussion
In this study, the weights of the criteria that affect location of solar power plant are found with the AHP method. In the order of the weights of the main criterion, the technical criteria are ranked first with 46,3 percent, the economic criteria second with 33,2 percent, the third with 13,7 percent geographical criteria and the social criteria with the last ranking with 6,8 percent. Among the sub criteria of the technical criteria, 44,4 percent has the highest weight of solar radiation, followed by 35,7 percent with sunshine duration, and finally 19,9 percent with the amount of energy. The highest criterion among the sub-criteria under economic criteria is in the land costs with a weight 57,3 percent, then 29,7 percent with the sub-criteria of regional incentive application, and then with the sub-criteria of 13,0 percent, in the transformer tariff area. Among the sub-criteria of the geographical criteria main criteria, with the rainfall amount is 46,5 percent is first, with 26,1 snowfall day is the second, with 15,8 percent erosion risk is third and with 11,6 percent is earthquake risk fourth. Among the sub-criteria under the social criteria, 69,1 percent unemployment is in the first place and 30,9 percent workforce in the second place. When TOPSIS method is [1] . Konya is selected as the best alternative for solar power plant with criteria of electricity production capacity, land square meter unit prices, the possibility of not having a terrorist attack, seismicity, the proximity to the solar energy by using AHP and VIKOR methods. Their study and this study are different in terms of criteria. For this study, Konya is forth alternative. In the study of Akkaş et al., Aksaray, Konya, Karaman, Nevsehir, Nigde are taken as alternatives [2] . AHP, TOPSIS, ELECTRE and VIKOR applied for this study and the most suitable for all methods Karaman is selected. Karaman is the ranked as second alternative in this study. 
Conclusions
In this study, an approach consisting of a combination of AHP and TOPSİS methods, which city is the most suitable for solar plant installation, is decided and alternatives are ranked. Criteria weights are found with AHP, and ranking is made with the TOPSIS. When this hybrid method is applied to the problem, alternatives are ranked as Mersin, Karaman, Burdur, Konya, Van, Antalya, respectively. Mersin is determined as the best city in among alternatives for solar power plant according to this study.
